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The present invention relates f 

£ ««ur lng „ umbers ot e^l:™^ *» *nal y2ing samplas 
" « repetitive mode f rom Per defined time interval 

:;r aed * -"cus m z ^ and/ : i r 

tlOT ° f the ™— of photon To^ ^"^"^ the <U.t rt - 
The fir st successful stnH, 

Rations were Performed XdT "^scence intensi ty flue . 
vol. 13 , 29 . 61 _ whodemoL, ^ Webb < B ±°Poly™ers 

-r^r caiied -s^r estawish - 

-Periment consists essentiallv ^ C ° e «-ie„ts. The 

* flned ° pe " "l* of solution The ^""^ — tants in . 

- measured by its fluorescence from ^™<» of a reactant 

™e measurement volume is defin ed h «t volume. 

" hlCh ^e fluorescence an d " ' ^ 

of the microscope collecting fi' 3 Plnhole « the image p i an e 

«nce emission tiuctuates Tn or °* W 

number of fi 1)or . = Proportion with the 

of ""orescent molecules a , f „ changes in the 

f — ement volume and as th e ^ < ""* U " int ° and out 
^ "» Ch ---1 reactions. Technic n"" ° r ei --ate d 

™ FCS -Periment is the calcuia t H "~ direCC ° Ut — »f 
° £ ~" »«» «-«sce„c e rn t e n e s it a y Ut0C ° rrelati0n f «-ion 

*" imps «ant appl icacion of 

tl ° M ° £ "crescent species hav ^""""ion of concentra- 
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autocorrelation function of fluorescence intensity corresponding 
to translation diffusion of two kinds of particles, at leas! 
about a two-fold difference in diffusion time is needed which 
corre sponds to an eignt _ fold ^ dlf ^ 

r er "°"' eVen " ds in separating the two te r ms 

m the autocorrelation function of fluorescence intensity 7t 
is yet not sufficient for determining the corresponding con 
centrations except if one knows the reiative brightness of th 
two different types of particles. 

Whereas conventional PCS yields rather limited information about 
aggregate sizes from a simple autocorrelation funccln 0 
fluorescence intensity fluctuations. possible biophysical 

dlf ereT nS ^ '° fixture o 

studied h r CleS ' PUrPOSe " Palmer - d Thomson 

studied higher order correlation functions of fluorescence 

the number densities and relative molecular brightness of 
fluorescence of different fluorescent species 

Z'J r," 270, AU9USC l937) - Their ™y ^nciple 

proof useful in detecting and characterizing aggregates of 

fiuorescent-labeled biological molecules such as cell surface 

s r o eCe t P h a 0 C r dat" 3 " a30r ° f -i- -her complex 

so that data processing of an experiment including the cal- 
culation of high-order correlation functions lasts hours. 

A considerably less complicated method than calculation of high 
order auto-correlation functions for characterizing mixtures 

or fluorescent sDeci^c ^-f j • ^ ^ 

, n . species of different specific brightness is 

::iT::: n o£ hl9her order moments ° f "—e^ten^ ; 

Tf lot eXP8rimental1 ^ ^rmined distribution of the numbed 
mionT T C ° UntS ' ThiS meth ° d rented ^ Qian and Elson 

ci 1 v ; v ; 375 " 380 ' February 19S0; — »■"• — • 

«2'„! , 5 ™' 54!3 ' ^ 199 °'- ^ thSir ^—ration 

experiments signal acquisition times of about 7 minutes were 

kinds of a i relati ^ ly £ =™ble experimental system of two 
kinds of fluorescent particles which differed by 30-fold in 



the.r specific brightness, the mixture of monomers and 30-mers 
The method of moments is relatively simple and fast in cal- 
culations, but it allows to determine only a limited. number of 
unknown parameters characterizing the sample because usually 
only about three or four f irst moments of fluorescence intensity 
can be calculated from the experiment with precision sufficient 
for further analysis. Because of this reason, the method of 
moments is hardly suitable for characterizing complex samples 

Z H T 9 bStWeen C ° mpetin * models of the sample or checking 
whether the given model is appropriate. 

One object of the invention is to obtain reliable information 
about a sample containing particles emitting, scattering and/or 
reflecting photons, which renders possible an analysis of the 
sample with respect to certain ingredients or with respect to 
certain states of the sample. 

Another object of the present invention is to substantially 
extend the useful information obtainable from the experimentally 
d6termined distribution of the number of photon counts. 

The objects of the present invention are solved with the method 
having the features of claim l. 

What is meant by .the term "specific brightness" of particles 
in the sense of the present invention is a physical characteris- 
tic expressing in what extent a given type of particles is able 
to emit, scatter and/or reflect light. It is thought to charac- 
terize single particles and therefore the value of specific 
brightness is not depending on concentration of the particles 
nether on the presence of other particles. Thus, a change of 

ref, , "V 1 "* rate ° f P hot °- -i«ed, scattered and/or 
reflected from the measurement volume, if only due to a change 
in concentration of the total number of particles, does nit 
influence the measured value of specific brightness and the 
value of the ratio of numbers of particles of different types 
determined by the present invention. Specific brightness of a 



type o f partlcles is usually expressed 

count rate Per particle which is a weighted average of th " 
rate over coordinates of the particle in th. 

P Cie ln the measurement volume. 

The importance of the nr P «„, • 

Lue present invention -f^-*- 

samples may be illustrated by the f ol! ° f 
example: Assuming that a so, 7 foll °""g, non- limiting 

one type of P a rticl r A , ^1 C ° ntainS * <"» ° f 

<!-> an, a entity (b f '^t, " SPeCtl - -P~i«c brightness 

y or another type of r^r-t- ■; / , 

a respective specific brightness U b 7\Z ^^t^ (B) With 
of photons emitted by the solZ 1' COUnt rate 

Ia*a + Ib*b. Thus bv me T depends °» the expression 

y re dete rmination of the over.n 
rate, lt is not possible to dissolve th. over all count 

Generally, in fluorimp , . dlssolve the value of a and/or b. 
of at lea t one rype ^ r r ™™ C *™'*' ^ derail count rate 

d ent experiment. " HHl V in « ^pen- 

j.r cne total number a+b of particle * 
change with resDert t-« -u- particles does not 

inverse can be determined h "^""^ ' ^ "tio a/b or its 
count rate of Je ^u" ■ " ^^"^ «* th. overall 

^sumption, that ^ ^ Y^' ^ 

pcix-uicj.es to surfaces may occur _ . 

rements cannot verify the tota! number ^ZZZT 7""' 
dently. Tne p res ent invention overcomes these restrict 
one measurement, the numbers of particles T ^ 
mined without any prior i„ f Particles a and b can be deter- 

brightnesses. "*°™ ti « of their respective specific 

»U1 be apparent"!" I "stin^ir;^^- M *~— 

the following description „ UP ° n "^wing 

be describe/pri^^it ^^TT"' 

Photon counts from light emTttedT meaSU " n9 " Umb «s of 
Partides in a samp le . P or example """""""l' ^^lled 

be desirable to measure 1 ^ J '°~ ^iments it may 
than fluorescence. P C ° UnCS ° f ° ther °"gin 
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The present invention provides a method for calculate , h 

^:t^^tz: £ the ~ ° f — ™ ^p r 
::::r^ero~;io =rrrv 

of the sa mp le yielding the closest fit H , ^ ^ ^ 

and the elementally determined di. t „ " 1CUl "^ 
of photon count, wha t is meant bTth °" ^ 

here is the specific bright" and c ° f ^ ^ 

Particles present in the ^ JeT .""I" " U °""«* 

single fluorescent Hv e • u example, a solution of a 

concentratil an" SD rc lf lc b araC h teri2Sd * ™"s , 

brightness of reticles Con . C ° nCentratlon versus specific 
sed as th p pa ~ tlcles - Conveniently, concentration is expres- 
sed as the mean number of particles n P r m~ expres 

specific brightness of ^^. "Z^^T^ 1 ^ ^ 

rate per particle. ^pressed as the mean count 

:::::::::::: T on ;: s che n Umber of Phot0 n 
on e qU i Pm e p nt ds f r; c °: y al °; c :; p ;; ition of the sampi - ^ 

characteristic to th! Z ^ s T ^T* 

"cs of the detector lL U.tlTJ^ l^TTT^ 
and probability of af t erasing . x„ the intent "h ^ 

— ^ 

« » referred to character^ the ^J^lZ^' 

T t ii do :: t ::: :r r the method ^ «•» «■* 

distribution of the „ lntens "^ b " not directly the 



According to the invention, a new quality of analysis of samples 
containing particles which emit, scatter and/or reflect light 
becomes possible. In a first step, numbers of photon counts from 
light emitted by the particles in the sample are measured per 
defined time interval in a repetitive mode. A series of dif- 
ferent time intervals can also be used for a more complex 
analysis. In a second step of the method according to the 
invention, the distribution of the number of photon counts is 
determined, which means that it is determined how many times 
one has obtained a certain number of photon counts. In a third 
step, the experimentally determined distribution of photon 
counts is analyzed directly without intermediate steps to obtain 
the distribution of specific brightnesses of the particles in 
the sample . 



In the sense of the present invention, particles are preferably 
luminescently labelled or unlabelled molecules or macromolecu- 
les, or dye molecules, molecular aggregates, complexes, vesi- 
cles, cells, viruses, bacteria, beads, or mixtures thereof. 

In a further preferred embodiment, the particles each carry a 
number of binding sites for luminescent particles. Luminescent 
particles can directly or via secondary molecules bind to these 
binding sites. Since highly luminescent particles are generated 
when many luminescent particles bind to the binding sites of 
the first particles, the method according to the invention is 
able to distinguish easily between particles with a large 
difference in luminescence intensity, so that even a small 
amount of bound luminescent particles can be measured in 
presence of an excess concentration of free luminescent par- 
ticles. This embodiment provides a new analysis of particles 
which do not carry a luminescent label by binding to a second 
particle which is luminescently labelled, but whose brightness 
does not change upon binding. A commercially very important 
application of this method is the measurement of f luorescently 
labelled antibodies binding to an antigen, while the antigen 
is binding to at least one of the multiple binding sites of the 
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paxticle which 1S preferably a baa 

M " ^ applied to other types of < ! meth ° d 

nucleic acid hybridist' interactions such as 

The inventron c!rai s : b ^^"^ ~« fraction, 

tion c h aracter7str c ; o/s aPP d " ^ ^ ° f d1 "^- 

control and ^^V^^ J^" <~ ^ 

sions of oarticles m ^ • • y^rs 01 oligomenc suspen- 

- analyzed as teH IT^Z™"", " «" 

ess aistricutions of surfsrp 
mcles . urrace aieas of par - 



In a preferred embodiment, one tvne of ™ . • n 

-noted A, carries more than one IZ i ^ r^-hTT^ 

cent type of nar-^i , ^J-«-e. Ano L ner, lummes- 

either direcLr o at Tea I qUen " y °* °" ^ <*> 

A. or ,ii, bind ;° o ° f Wndi ^ of particle 

wMch in turn " ^ to « 1 ^ <* * — . 

particle A Th„e bin- ^ ^ k^'" 9 ' iC " ° f 

occurring binding "! T *" "^"^ eith " ^ »«™Hy 

auction of specific ^ d°" ' Pa " iCl «- ~ by intro- 

of specific binding sites to the particles A Band/ 
C. Since in both cases more than one of the particle, f 
C may bind to particle A fh= , Particles of type 

than free particles of \£ ^ ^ ^ — Won. 
oonyenient way to measure binding of * 
Particle of type c or A. although the particle f ^ " '° 3 
luminescently labelled. Particle of type B is not 

In a further preferrpH QrTnK . . 

acquisition from a great " fusl ° n " fast enough for data 

volumes, and data ac ° £ measurement 

identical to ensemble a " ^ ±S ""^ 

time of diffusTont ' H ™, « the characteristic 

airrusion is substantially longer than i-h* 
necessary for measuring fi tlme lnt erval 

UUn9 flU ° reSCence intensity (which i s usually 
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10 to 50 ms), then active transport (flow or scanning) can 
considerably save time of data acquisition. 

A sample is usually characterized by values of concentration 
and specific brightness of one or more types of "fluorescent 
parties. In cases when one or more of these values are known 
beforehand, the goal of analysis is to determine unknown values 
either those of concentration, or specific brightness, or both! 

Two alternative methods for selecting the model yielding a fit 
between the experimentally determined and calculated distribu- 
tions of the number of photon counts can be used. i n one em- 
bodiment, the well-known least squares fitting method, where 
the sample is described by a finite (usually small) number of 
parameters, can be employed. The purpose is to find values of 
the parameters yielding the closest fit between the experimental 
and the calculated curves. According to the invention, values 
of concentrations and/or specific brightnesses of . number of 
types of fluorescent particles can be estimated. In a further 
embodiment, another general method called inverse transformation 
with linear regularization (ITR) can be employed. ITR describes 
the sample using a semi -continuous distribution function of 
particles versus their specific brightness, and searches for 
the closest fit demanding that the solution is a smooth func- 
tion. (F or the method of ITR, see, e.g., w. H. Press, S A 
Teukolsky, W. T . Vetterling, B. P. Flannery, Numerical recipes 
in C: the art of scientific computing, second edition, Cambridge 
University Press, 19 92 , p. 8 08) 

in the following, the invention is further illustrated in a non- 
Ixmiting manner. Particularly, it is described how the expected 
distribution of the number of photon counts is calculated. 

o/ th" St l P " CalCUlati ° n ° f the P-bability distribution 

of the number of photon counts from a spatial section of the 
measurement volume with a constant value of spatial brightness 
This can be done by using a single type of fluorescent parti- 
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cles. It is well known that the probability distribution of the 

::?:: ^/^ s ■» — - —soman. A i so A h : 



the number o£ parcicles inside ^^.^ 
the n* r o£ detected photons per ^ t - » 

l 1S ril 1S A ribUted ' tl Y , the overall distribution o 



the number of photon counts corresponding to the spatial section 
of constant brightness and an ideal detector is compound Pois 



soman 



ment "** ' ~ y tl » ^ ^ ^ "-sure- 

ment voiume is divided into a number of spatial sections of 
constant brightness, if the values of volumes and spatial 

o TthTT ^ ^ SeCti ° nS k — ^ -i-triLti™ 

of the number of photon counts corresponding to each section 

can be calculated separately. All these dist ribut ions are 

compound Poissonian. Furthermore, if distributions of the number 

of photon counts for all sections were known, the overall 

distribution can be calculated using the fact that the 

number of counts is the sum of the number of counts originating 

from different sections of the measurement volume. 

AS the following step, one may study the mixture of types of 
fluorescent particles having different values of specific 
brrght Each spatial section of the measurement volume can 

be divided into a number of abstract subsections each containing 
only particles of a single type. A similar procedure can be 
applied now as described above for spatial sections of the 
measurement volume in order to calculate the overall distribu 
tion of the number of photon counts. 

An experimentally determined distribution of the number of 
Photon counts is ruled not only by properties of the light beam, 
but i S influenced also by nonideal properties of the photon 
detector. Statistically, the dark counts of the detector Lie 
-n the same manner as photon counts from background light of 
constant intensity. Their contribution are photon counts of 
Poisson distribution. Also, the way how the dead time of the 
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detector and its afterpulsing distort the distribution of photon 
counts are known from literature on photon statistics (see e g 
B. Saleh, Photoelectron Statistics, Springer, Berlin,. 1978) 

in summary, the expected distribution of the number of photon 
counts is determined, from one side, by characteristics of the 
sample (concentrations and specific brightnesses of fluorescent 
parades of different kind), and, from the other side by 
characteristics of the equipment (the sampling time interval 
the spatial brightness function, the background count rate the 
dead time and the afterpulsing probability of the detector) . 

in one embodiment, both the dead time and the afterpulsing 
probability of the detector are determined from experiments in 
whxch the distribution of the number of photon counts correspon- 
ds to light of constant intensity is determined. The experi 
cental parameters of the detector may also be determined by 
measuring numbers of photon counts per defined time intervals 
xn a repetitive mode while the detector is exposed to high 
frequency laser pulses. Correction for the dead time of the 
detector may be performed on the basis of a formula derived by 
Cantor and Teich (J . Opt . Soc . Am. 65, 786, 19 75 ; see also B 
Saleh, p. 272 - 2V7) . Mathematics of afterpulsing is simple: each 
Photon pulse can be followed by another (artificial) pulse- this 
happens usually with a constant probability. 

According to the invention, it is preferred that the spatial 
brightness function is characterized using experiments on a 
single type of particles. For example, if the laser wavelength 
514.5 nm is used, then a solution of Rhodamine 6G is a con- 
venient sample which can be used for characterizing the spatial 
brightness function . 



What characteristics of the spatial brightness function can be 
employed when calculating the expected distribution of the 
number of counts are values of volumes of the sections of the 
measurement volume corresponding to a selected set of values 
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of' tta brl9htnSSS - W«"y. a set of twenty values 

e c ot:rr: n th b T tness positioned at a ~™ di =— <™ 

each other in the ioganthmic scale have been selected cover™ 
™° ° rderS ° f Contribution from the !ower bVightnlss 

areas can be accounted for by a sin gl e parameter, their relative 

™ u i c : g o h n t to fiu — — „sit y fiuc":::; 

of this light can be neglected. Because of the large number of 
the sections of the measurement volume, it would be !ess prefer 
red to consider volu.es corresponding to each of the sections 
as independent variables it j. m • sections 
variable ^ cables. It is convenient to consider them as 

var lab es depending on a few other parameters, and determine 
the values of these parameters which yield the closest fit 
between the experimentally determined and the calculated distri- 
bution or the number of photon counts. Conveniently, a relative- 
ly simple model of the optical set-up is applied, which is not 
accounting for aberrations of the optics used, and which deter- 
mines volumes of the sections of the measurement volume For 
instance, the volumes of the sections depend on values of the 
convergence angle of the laser beam and the size of the pinhole. 

in fluorescence studies, it may be advantageous to take measures 

scat t ^; n9 T; — »t.. ar lsi „ g from .aman 

scattering m the solute material and dark count rate of the 
detector, with respect to the count rate per particle In 
particular, it ie in some ^ ^ > mmu £J» 

volumes smaller than !00 more preferably about 1 „" 

Advantageously, the high signal to background count rate and 
the small optical measurement volume may be achieved by using 
at least one high-aperture microscope objective in a con 
manner for both focussing the incident laser beam and collecting 

sa"mple em " ted ' ^""^ """" ^ *» said 

cLL""'""';" 1 "™' of che method ' mui "p ie — 

station is used to excite a particle. Multiple photon excita- 
ron means that the sum, difference or any combination of wave 
f reguences of two, three or more photons is used for excitation 
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of e.g. luminescence or second order Raman scattering. Such an 
excitation scheme has an advantage in the sense that the ex- 
citation probability is not linearly dependent on excitation 
intensity, but on the second or higher power. Thus, the multiple 
photon excitation is mostly limited to the volume of the laser 
focus, whereas outside the laser focus no spurious excitation 
is generated. The present invention profits from such an ex- 
citation scheme in the sense that less background is generated 
compared to single photon excitation, and that there is no 
pinhole necessary to restrict the measurement volume. Thus the 
pinhole diameter and its imaging on the detector do not enter 
as modelling parameters in the spatial brightness function any 



more . 



In a further preferred embodiment, near field optical microscopy 
is used for focussing the excitation light of the particles 
and/or collecting the light emitted by the particles. Near field 
optical microscopy means here that the light passes through an 
aperture with at least one of its dimensions being smaller than 
the wavelength of the light used and which is in direct contact 
to the measurement volume. The aperture may consist of an opaque 
layer with at least one hole of said diameter or at least one 
slit of appropriate width and/or a tapered glass fiber or wave 
guide wxth a tip diameter of said width, optionally coated with 
an opaque layer outside. 

Another preferred embodiment combines near field optical micros- 
copy for the excitation light path, and conventional optical 
microscopy for the emission light path, or vice versa The 
present invention profits from such a realization in the sense 
that the size of the measurement volume is reduced compared to 
conventional confocal microscopy. Thus, the present invention 
can be used to measure higher particle concentrations as with 
other optical schemes. 

According to the invention, it may in some cases be preferred 
to select the width of the sampling time interval in such a way 
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that in average more than one, preferably one to ten, photon 
counts per particle are yielded. 

It may further be preferred that the width of the time 'interval 
is in average smaller than the characteristic correlation time 
of light intensity fluctuations. 

If more than two unknown parameters of the sample have to be 
estimated, it is preferred to have no more than a few, prefera- 
bly about one particle per measurement volume. 

In one embodiment, at least one individual particle is statis- 
tically analyzed in terms of its specific brightness which may 
fluctuate or otherwise change. 

The method of the present invention is particularly advantageous 
smce not only that information losses and distortions are kept 
minimal. One new quality attainable by the present invention 
is that the data processing depends less from a definite mathe- 
matical model of the sample than do the other techniques which 
are state of the art. This means that the method is more", reli- 
able in terms of long term stability of an instrumental realiza- 
tion, and that any disturbation of the measurement volume by 
e.g. turbid samples or particles inside the laser beam does not 
significantly influence experimental results. 

A further new quality attainable by the present invention is 
that the signal-to-noise ratio is much better compared to the 
techniques of the prior art. This means that experiments can 
be made within significantly shorter time (up to 100 fold 
shorter) than previously, showing the same signal-to-noise ratio 
as previous long term experiments. Since photo-bleaching of 
fluorescent molecules or f luorescently labelled molecules is 
an unsolved problem so far with any applied measurement techni- 
que in this field, especially when applied to cells, one is 
restricted to short measurement times. Thus, compared to the 
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prior art, the present invention is advantageous for measure- 
ments inside cellular systems. 

In one preferred embodiment, the present invention i"s "realized 
ln f±eld ° f fl — escence intensity fluctuation studies The 

optical equipment is a conventional confocal FCS microscope 
equipped with a cw laser of visible light. The excitation lasL 
beam is focussed into a sample which is a homogeneous water 
solution of a low concentration, typically in the nanomolar 
range, of fluorescent material. Fluorescence emission from a 
microscopic confocal volume of about 1 ^ is collected on a 
Photon detector. The measurement time which is typically ! to 
60 seconds is divided into hundreds of thousands time intervals 
of typical width of 10 to 50 MS . The highest number of photon 
counts typically obtained in this experimental realization of 
the invention herein described is between 10 and 100. 

The nature and advantages of the invention may be better under- 
stood on the basis of the following example where a mixture of 
rhodamme dyes is analyzed. Figures 1 to 7 illustrate consecuti- 
ve steps of the analysis and their results. 

Fig. 1. Distributions of the number of photon counts experimen- 
tally determined at constant light intensities, time interval 
of 10 M s and data collection time of 50 s. From curve fitting 
the dead time of the detector was estimated to be 28 + 4 ns 
afterpulsing probability 0.0032 ± 0.0008. In the lower'graph' 
weighted residuals of the curve fitting are presented. 

Fig 2. Distribution of the number of photon counts experimen- 
tally determined for a solution of rhodamine 6G at time interval 
of 40 fis and data collection time of 50 s. 

Fig. 3. Normalized sizes of volumes of the twenty spatial 
sections of the measurement volume of the highest brightness 
Section 0 corresponds to the maximal value of the spatial 
brightness while section 19 corresponds to about 100 times lower 



brightness. Sizes of volumes are determined from experiments 
on single fluorescent species. 

Fig. 4. Residuals of curve fitting corresponding to an experi- 
ment on rhodamine 6G solution (the experiment graphed by Fig. 

2 ) 

Fig. 5. Distribution of the number of photon counts experimen- 
tally determined for three samples at time interval of 40 ^s 
and data collection time of 50 s. The distribution corresponding 
to rhodamine 6G is the same as in Fig. 2. 

Fig. 6. The results of the inverse transformation with linear 
regularization applied to the data of Fig. 5. 

Fig. 7. Residuals corresponding to analysis of an experiment 
on the mixture solution of rhodamine 6G and tetramethylrhodamine 
(measured data in Fig. 5) . Graph a: expected curve was obtained 
by inverse transformation with linear regularization. Graph b- 
expected curve was obtained by the least squares fitting of the 
experimental data. Graph c: residuals of the least squares curve 
fitting under a wrong assumption of single species. 

As the first preparatory step of analysis, the dead time and 
the afterpulsing probability of the photon detector are es- 
timated. This was done by determining the distribution of the 
number of photon counts under illumination of the detector by 
light of constant intensity, since the dead time distortions 
are most noticeable at high count rates while the afterpulsing 
distortions are better resolved at low count rates, the values 
of the dead time and the probability of afterpulsing were 
determined by jointly fitting distributions of the number of 
photon counts determined at a relatively high and at a relative- 
ly low illumination intensity. The experimentally determined 
count number distributions are presented in Fig. i, together 
with residuals of the curve fitting. Values of the estimated 



parameters for the photon detector whxch have been used 
dead time 28 ns , afterpulsing probability 0.003. 

The background count rate of the equipment is determined bv 
measuring the count rate when the sample holder is fii led with 
pure water. 

As the second preparatory step, the spatial brightness distribu- 
tion corresponding to a given optical set-up was characterized 
For that purpose, the distribution of the number of c hoton 
counts corresponding to a solution of rhodamine 6G was experi- 
■ mentally determined (Fig. 2) . if the spatial brightness dist^i- 
. bution xs appropriately characterized, then the calculated curve 
nts the experimental curve. In order to numerically calculate 
the expected distribution of the number of photon counts, -values 
of twenty one parameters characterizing the spatial orofile are 
needed in our program: twenty sizes of volumes corresponding 
to twenty spatial sections of the highest values of spatial 
brightness, and the relative contribution to fluorescence n ght 
originating from areas of lower spatial brightness. In order 
to calculate values of these unknown parameters, a simple model 
of the optical equipment not accounting for aberrations was 
taken into use. As illustrated by Fig. 3, the determined sizes 
of the twenty volumes are reproducible, even if other species 
than rhodamine 6G are used. 

Having determined values of the twenty one parameters charac- 
terizing the spatial brightness distribution in the way just 
described above, the calculated distribution of the number of 
Photon counts indeed f its the experimentally curve, see Fig. 4 . 

After the preparatory steps described above the equipment is 
ready for analysis. In Fig. 5 , distributions of the number of 
Photon counts corresponding to three different samples are 
presented, in Fig. 6, the results of the inverse transformation 
with linear regularizat ion are graphed. Both spectra correspon- 
ding to single species (rhodamine 6G or tetramethylrhodamine ) 
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have a single peak, but the peaks are centered at different 
values of specific brightness. The peak of rhodamine 6G is 
situated at about 108 kHz/molecule, whereas the peak of tetrame- 
thylrhodamine is centered at about 37 kHz/molecule. This in- 
dicates that a rhodamine 6G molecule is about 3 times brighter 
than a tetramethyirhodamine molecule. The spectrum corresponding 
co the mixture of the two species has two peaks centered" indeed 
near the values obtained for the two species separately. 

Fig. 7 illustrates the residuals corresponding to the measure- 
ments of the mixture of rhodamine 6G and tetramethvlrhodamine 
Different methods of data processing yield slightly different 
fit curves (and different residuals) . The upper grach corres- 
ponds to the spectrum of specific brightness obtained bv inverse 
transformation v;::n linear regularization . The middle graph 
corresponds to fit curve obtained assuming two species " 

These two graphs are nearly identical. The experimentally 
determined distribution of the number of photon counts can 
rormally be fitted under the wrong assumption of single species 
which is shown in the lower graph, but the fit curve is obvious- 
ly apart from the experimental one. 
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CLAIMS 



i. A method for analyzing samples by measuring numbers of 
photon counts per defined time interval in a repetitive 
mode from light emitted, scattered and/or reflected by 
particles in said sample, and determining the distribution 
of the number of photon counts per said time intervals, 
characterized in that the distribution of specific bright- 
nesses of said particles is determined from said distribu- 
tion of the number of photon counts. 

2. A method according to claim 1, wherein said particles are 
luminescently labelled or unlabelled molecules or macromo- 
lecules, or dye molecules, molecular aggregates, complexes, 
vesicles, cells, viruses, bacteria, beads, or mixtures 
thereof . 

3. A method according to claim 1 and/or 2, wherein said par- 
ticles each carry a number of binding sites 'for luminescent 
particles . 

4. A method according to at least one of the claims 1 to 3 , 
wherein the measurement volume is only a part of the total 
volume of the sample and said particles are diffusing 
and/or being actively transported into and out of said 
measurement volume and/or the sample is actively transpor- 
ted and/or optically scanned. 

5. A" method according to at least one of the claims 1 to 4 , 
wherein the parameters of the spatial brightness function 
characteristic for the optical set-up are determined by 
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measuring numbers of photon counts per defined time inter- 
vals m a repetitive mode from li ght emitted, scattered 
and/or reflected by a single type of particles. . 

• A method according to at least one of the claims i to 5 
wherein at least one high-aperture microscope objective 
" USSd ±n 3 co "f°cal manner for both focus's < no the <n 
cedent laser beam and collecting light emitted, scattered 
and/or reflected by particles in said sample. 

A method according to at least one of the claims ! to 6 
wherein the size of the pinhole positioned in the focai 
Plane of the microscope is used as a modellinc oa^m^r 
or the spatial brightness function. 

A method acco^irn t- ^ - <- i 

»ccc_.^ng to „t least one of the claims 1 to 7 

wherein the convergence anoiP n, Q • 

9 e an ? J - e ot the incident laser beam 

^ USeQ 35 3 mod «Hing parameter of the spatial brSahtness 

lunction. 

A method according to at Jeast one of the claims ! to 8 
"herein rou ltiple photon excitation is used to exc lt e said 
particles in said sample. 

A method according to at least one of the claims 1 to 9 
wherein the measurement volume is restricted by the use 
of near field optical microscopy, or combinations thereof 
with conventional microscopy optics. 

A method according to at least one of the claims 1 to 10 
wherein the concentration and/or specific brightness of 
at least one type of said particles is determined. 

A method according to at least one of the claims 1 to 11 
wherein said distribution of the number of photon counts 
is fitted using a priori information on the sample 
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• A method according to at least one of the claims 1 to 12, 
wherein said distribution of the number of photon counts 
is processed by applying an inverse transformation with 
linear regularization . 

A method according to at least one of the claims 1 to 13, 
wherein the experimental parameters of the detector, in 
particular the dead time and the afterpulsing probability 
of the detector, are determined by measuring numbers of 
photon counts per defined time intervals in a repetitive 
mode while the detector is exposed to light of constant 
intensity or high frequency laser pulses. 

A method according to at least one of the claims 1 to 14, 
wherein the background count rate of the equipment is 
determined . 

A method according to at least one of the claims 1 to 15, 
wherein the width of said time interval is in average 
smaller than the characteristic correlation time of light 
intensity fluctuations. 

A method according to at least one of the claims 1 to 16, 
wherein the width of said time interval is selected to 
yield in average more than one, preferably 1 to 10, photon 
counts per said particle. 

A method according to at least one of the claims 1 to 17, 
wherein the concentration of the sample or the size of the 
measuring volume is selected to have in average no more 
than a few, preferably about one particle per measuring 
volume. 

A method according to at least one of the claims 1 to 18, 
wherein at least one individual particle is statistically 
analyzed in terms of its specific brightness which may 
fluctuate or otherwise change. 
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* method for analyzing samples by measuring, numbers of Dhoeon 
:: n s per « lned time incerval in a repeticive ^ * - 

; " SCatt£re ° 3nd/ ° r by parties in sa ld samp L 

s„ ld time intervals, characterized in that the distribution 

-i.- num&ei pnccon counts. 
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Data determined from experiments on: 
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-O - tetramethylrhodamine 
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